Objective: To examine the potential mediating role of body image dissatisfaction on the association between treatment-related scarring/disfigurement and psychological distress in adult survivors of childhood cancer. groups (cancer-related and general) based on factor analysis. Using causal mediation analysis, we estimated the proportion of psychological distress associated with treatment-related scarring/disfigurement that could be eliminated by resolving BID through a hypothetical intervention.
Importantly, the location of disease and type of cancer therapy may result in scarring or disfigurement that is more or less visible in varying social contexts. As a result, risk for body image dissatisfaction may vary by the location of disease and treatment. Given previous literature examining negative body image status among survivors of head and neck cancers, we expect that body image dissatisfaction largely mediates the association between scarring and distress among childhood cancer survivors with more highly visible scars.
The large body of literature examining gender differences in body image dissatisfaction collectively suggests females are more likely to report negative self-evaluations of appearance and higher levels of body image dissatisfaction than males. 14 This may be particularly true in Western cultures, where women face societal pressures and expectations to be thin and/or attractive. However, recent research suggests that body image dissatisfaction is increasingly prevalent among men. 15 Therefore, we hypothesize that body image dissatisfaction may differentially mediate the association between scarring or disfigurement and psychological distress among male and female survivors of childhood cancer.
The potential mediating role of body image dissatisfaction on the association between treatment-related scarring/disfigurement and psychological distress has not been systematically assessed in of adult survivors of childhood cancer. We aimed to assess the direct and indirect (eg, through body image dissatisfaction) effects of scarring/ disfigurement on psychological distress in this population. Edition (DSM-IV-TR). 19 Posttraumatic stress symptom was defined by the report of at least 1 re-experiencing symptom, at least 3 avoidance symptoms, and at least 2 arousal symptoms, each with a minimum response of 3 ("moderate").
Our exposure of interest, scarring/disfigurement, was assessed using a single survey item ("At the present time, do you have any of the following?") with the following response choices: persistent hair loss, scarring or disfigurement of the head or neck region (including the face), loss of an eye, scarring or disfigurement of the chest or abdominal region, scarring or disfigurement of the arms or legs (including an abnormally short arm or leg), and loss of an arm or a leg. The variable "scarring/disfigurement of the head" combined the first 3 item responses, and "scarring/disfigurement of the body" combined the latter three. Both variables were coded as present or absent.
Our mediator of interest, body image dissatisfaction, was assessed using the Body Image Scale (BIS), a 10-item scale designed to assess body image and the impact of cancer treatment on body image in cancer patients. Although the scale demonstrated high reliability (Cronbach α = 0.93) and good clinical validity for a sample of British breast cancer patients (n = 682), 20 we used principal components analysis to assess the factor structure of the BIS in our sample. Two factors were retained with eigenvalues greater than 1.0. 21 The first factor was labeled general body image dissatisfaction and included the following and/or ≥ grade 1 growth hormone abnormality. Body mass index was abstracted from medical records and was adjusted for amputation.
| Statistical methods
We explored the potential mediating effect of body image dissatisfaction on the association between scarring/disfigurement on psychological distress (depression, anxiety, and PTSS) using causal mediation analysis within a potential outcome framework. 22 This approach circumvents the challenges in analysis and interpretation of the Baron and Kenny approach. 22 Figure S1 is reduced-form directed acyclic graph (DAG) that encodes our dependency assumptions about the relation between scarring/disfigurement and psychological distress.
We used this and related DAGs to specify logistic regression models for the exposure-outcome and exposure-mediator relations, which were used to estimate overall and sex-specific (given a priori evidence of potential effect modification by sex 23 ) odds ratios and corresponding 95% confidence intervals for the marginal total effect and controlled direct effect of scarring/disfigurement on psychological distress. 22 To reduce confounding bias and strengthen assumptions for valid interpretation of the total and controlled direct effects, we adjusted the models for a minimal sufficient set of covariates identified by applying the back-door criterion to the dependency assumptions in our DAGs. 24 We estimated the controlled direct effect because it represents the effect of an exposure on an outcome if the mediator could be set to a specific level (M = m) through a hypothetical intervention, which has practical relevance. In our analysis, the controlled direct effect represented the effect of scarring/disfigurement on psychological distress if body image dissatisfaction were resolved through intervention. Controlled direct effects closer to odds ratio = 1.0 suggest more profound mediation in the presence of a total effect. Estimation of the total and controlled direct effects also allowed us to estimate the proportion eliminated on a relative scale, 25 which represents the proportion (albeit not constrained between 0% and 100%) of the relative excess of psychological distress associated with scarring/disfigurement that could be reduced by resolving body image dissatisfaction.
| RESULTS
Of the 2487 survivors eligible for our study, 1714 (69%) were included in the analysis (Figure 1 ). Compared with nonparticipants, a greater proportion of participants were female (53.0% vs 44.4%) and White (86.5% vs 81.0%; Table S1 ). The median age of evaluation of study participants was 31.5 years (interquartile range = 26-38 y) and the median time from diagnosis was 23.4 years (interquartile range = 17-30 y). Table 1 summarizes characteristics of the study population.
The proportion of survivors reporting psychological distress symptoms was greater among survivors with cancer-related body image dissatisfaction compared to survivors without cancer-related body image dissatisfaction (depression: 37% vs 10%, P < .001; anxiety: 28% vs 8%, P < .001; PTSS: 33% vs 7%, P < .001, respectively; Figure 2 ). Similarly, psychological distress was more frequently reported among survivors with general body image dissatisfaction compared with survivors without general body image dissatisfaction (depression: 43% vs 10%, P < .001; anxiety: 33% vs 8%, P < .001; PTSS: 37% vs 7%, P < .001; respectively).
3.1 | The mediating role of body image dissatisfaction on psychological distress Table 2 summarizes the total effect, controlled direct effect, and proportion eliminated for the association between scarring/disfigurement and psychological distress mediated by body image dissatisfaction. The estimates were adjusted for age at diagnosis, sex, race, chemotherapy, radiation therapy, surgery, age at survey, educational attainment, marital status, body mass index adjusted for amputation, and endocrine dysfunction.
| Scarring/disfigurement of the head
Among males with scarring/disfigurement of the head, a sizable proportion of the relative excess of psychological distress (depression, 
| Limitations
Our findings should be interpreted in the context of several limitations.
A notable proportion (31%) of survivors eligible for our study were excluded because of missing data (ie, did not complete the supplemental Abbreviations: CI, confidence interval; OR, odds ratio; PTSS, posttraumatic stress symptoms. Adjusted for age at diagnosis, sex, race, chemotherapy, radiation therapy, surgery, age at survey, educational attainment, marital status, body mass index adjusted for amputation, and endocrine dysfunction.
questionnaires). A comparison of the distribution of characteristics for participants and nonparticipants ( An alternate explanation for our mediation findings is that body image dissatisfaction may simply represent a more proximal manifestation of psychological distress elicited by scarring/disfigurement. Lastly, the cross-sectional nature of our study precludes clarity about the temporal order of body image dissatisfaction and psychological distress. We assumed that body image dissatisfaction preceded psychological distress symptoms based on evidence from prior studies, but we cannot exclude the possibility that psychological distress affected perceptions of body image.
Longitudinal studies may strengthen the evidence-base by establishing temporal ordering of body image dissatisfaction and psychological distress.
| Clinical implications
In summary, our results suggest that body image dissatisfaction may be one mechanism by which scarring/disfigurement affects psychological distress among adult survivors of childhood cancer. The practical implication of our finding is that an effective intervention to treat body image dissatisfaction may substantially reduce the relative excess of psychological distress associated with scarring/disfigurement. While most body image interventions in the literature have been implemented with survivors of breast cancer, several interventions may be effective, including cognitive behavior therapy, 37 education-based intervention, 38 strength training, 39 and physical exercise. 40 Further research on such interventions is needed to establish whether they would be efficacious in our cohort of adult survivors of pediatric cancer. Additionally, routine screening of survivors at risk of body image dissatisfaction secondary to scarring/disfigurement is important to identify individuals who may be amenable to intervention and may prevent the onset of psychological distress symptoms related to scarring/disfigurement.
